Neurological determination of death (NDD) or brain death is primarily a clinical diagnosis. Ancillary testing is used in situations where clinical criteria of brain death cannot be completed fully and is used to support the clinical diagnosis. Global absence of cerebral blood flow by catheter angiography or nuclear medicine perfusion (Tc99) is the recommended gold standard for confirmation by ancillary testing. Computed tomography angiography (CTA) is a recommended ancillary test in Ontario for evaluation of absence of intracranial flow [1] . Due to its wide availability and being noninvasive and technically less challenging, CTA could be a preferred ancillary test. It also allows assessment of brain parenchyma, ventricles and other intracranial contents at the same time. However, its diagnostic accuracy as a potential ancillary test for confirmation of brain death remains unclear [2] . Common barriers for its use include unclear standard CTA acquisition techniques for brain blood flow testing and challenges in interpretation of nonsignificant flow. This review will explain some technical background of CTA, pathological basis of the appearance of CTA in NDD, and a practical workflow for interpretation of CTA as an ancillary test to support NDD.
Pathophysiological Basis for Ancillary Testing
Ancillary tests can be divided into those that test the brain's electrical function and those that test cerebral blood flow. Most ancillary tests (including the reference standards of cerebral catheter angiography and nuclear medicine perfusion) depend on the demonstration of the global absence of intracranial blood flow [1] but do not directly measure brain neurological activity or function [3] . Palmer and Bader [4] showed 2 patterns of brain death either without (8 of 11 brain-dead subjects) or with presence of cerebral blood flow. They showed that in the former group, cerebral circulatory arrest occurs when the intracranial pressure exceeds arterial inflow pressure due to diffuse infarction and swelling of brain. From this mechanism it is expected that intracranial circulatory arrest will be a gradual phenomenon rather than an on-off effect. This can explain the commonly seen finding of trickling of contrast or stasis filling.
Types and Techniques of CTA
A standard CTA acquisition uses a multislice CT scanner to acquire a helical scan (120 kV, 200 mA) from cervical vertebra C2 to vertex timed to chase the bolus of contrast as it passes through the intracranial vessels. Intravenous contrast medium (40-120 mL) is administered in an antecubital vein or a central venous catheter with a power injector, followed by 30 mL of an isotonic saline (rate: 3-5 mL/s). CT acquisition is timed to start 5 seconds after opacification of the common carotid artery of more than 150 Hounsfield units. Axial images reconstructed with a maximum of 2.0-mm increments. Thinner slices and multiplanar reformats may also be reconstructed. For delayed phase CTA [5, 6] , a repeat acquisition started 55-60 seconds after starting the first scan, using the same parameters as in first scan. The delayed phase acquisition is used to confirm persistence of lack of intracranial contrast over a longer duration. The standard 1-or 2-phase CTA is limited as it provides a static volume of brain vessels images performed during 1 or 2 specified time points (snapshot views). The predetermined time point used is often unreliable in these patients due to the abnormal or delayed flow.
Dynamic CTA [7] is a newer technique that uses an extended range or whole-brain CT perfusion acquisition and necessary software to visualize contrast flow over time. Generation of CT perfusion maps are dependent on significant intracranial flow and a detectable arterial input function.
In brain death cases the processing software usually fail to generate perfusion maps.
Evaluation and Reporting of CTA
Arterial phase CTA should be assessed for extracranial arterial opacification to confirm successful IV contrast injection and to prove technical success. Contrast opacification of intracranial arteries and veins should be assessed in both arterial and the venous (if available) phases. Either 4-point (cortical segments of the middle cerebral arteries and internal cerebral veins) [8] or 7-point (pericallosal and cortical segments of the middle cerebral arteries, internal cerebral veins, and 1 vein of Galen) [5] measurements should be performed. Lack of contrast opacification will confirm lack of intracranial flow and may be used as a positive result for CTA as an ancillary test.
However, stasis filling [9] , described as contrast visualization in the proximal intracranial arteries and veins, may cause significant confusion in the interpretation of CTA. This is more likely in delayed images (59% in a recent series) [6] . This finding has been documented with catheter angiography [10, 11] , but is more pronounced in CTA due to inherent higher contrast resolution of CT scans. This stasis flow does not indicate true cerebral blood flow and does not contradict the brain death diagnosis [6, 10, 12, 13] . This brings us to the concept of qualitative intracranial flow where normal, quick contrast flow through the proximal and distal intracranial arteries to the venous system is needed to be compatible with life. Dynamic CTA, in contrast to traditional CTA, has the advantage of providing visualization of dynamic blood flow information, making it possible to analyse the pattern of flow qualitatively. An inversion of time of contrast appearance between internal carotid artery and external carotid artery branches at the skull base can predict lack of distal qualitative intracranial flow [14] .
Suggested CTA Workflow
A suggested workflow for CTA as an ancillary test to support NDD is shown in Figure 1 . This is developed by consensus to be practically useful. It is built on the premise that though in many cases CTA could be helpful to determine lack of intracranial flow, there will be cases with confusing stasis filling in which a repeat study or advanced technique might possibly help. An arterial CT angiogram acquisition is suggested. The use of second venous phase imaging is discouraged due to increased chance of stasis filling [6] . Of course, in some difficult cases, CTA results will not be helpful and other imaging modality will be necessary.
Case Illustrations

Case 1
A 70-year-old gentleman with a past medical history of coronary artery bypass graft collapsed at home. His initial rhythm was pulseless electrical activity and cardiopulmonary resuscitation was initiated. The downtime is somewhat unclear, but he did eventually have return of spontaneous circulation after approximately 40 minutes. He was cooled for neuroprotection. Following rewarming and a period of normothermia, he displayed no purposeful neurological movements despite discontinuation of sedation and any potential offending medications. It was felt that he likely sustained a significant anoxic brain injury that was potentially unrecoverable. A CTeCTAwas performed on fifth day of his admission (Figure 2 ). On the following day, a neurology consult service assessed and confirmed absence of brainstem reflexes and no spontaneous breathing during an apnea trial and NDD was declared.
Case 2
A 29-year-old man involved in a motor vehicle crash. His Glasgow Coma Scale score was down to 3 and he was intubated. Admission CT of the head showed multiple cerebral contusions, evidence of grade 3 diffuse axonal injury, occipital and C4 to C6 laminar fracture. A chest x-ray showed bilateral diffuse pulmonary contusion with right more important than the left with pneumothorax and right clavicular fracture. A chest tube was inserted. With the evidence of head injury, an external ventricular drain was placed. He was kept intubated and ventilated and his intracranial pressure remained in the 25-30 range with sedation and hypertonic saline. The patient failed to improve. A repeat CT on day 4 showed some progression of multiple intracerebral hemorrhages with brainstem hemorrhage and midline shift. A CTe CTA was performed 12 hours later (Figure 3) . The family had a meeting with the intensive care unit team and the patient was declared dead and the coroner was informed. 
Case 3
A 53-year-old woman was admitted to the intensive care unit of a peripheral hospital with 1-week history of headache, fever and general malaise and was diagnosed with possible Guillain-Barr e syndrome postflu. She was given intravenous immunoglobulin and supportive care and she seemed to be responding well but suffered a cardiac arrest on day 2. She was resuscitated and there was return of spontaneous circulation in 10 minutes. A CT head ( Figure 4B ) showed development of central subarachnoid hemorrhage thought to be related to aneurysmal rupture. Diffuse parenchymal oedema was also noted. She was transferred our hospital and repeat CTeCTA (Figure 4 , C and D) showed significant progression of diffuse cerebral oedema with interval development of bilateral cerebellar tonsillar herniation. No opacification of the intracranial vessels that may suggest brain death. Clinically she had absent pupil response, no corneal response, no gag, no cough, response to painful stimuli that were suspicious for brain death. Because she had metabolic abnormalities (including hypernatremia at Na 167, acidosis at pH 7.05), correction was attempted but were unsuccessful. Ancillary testing with dynamic CTA (Figure 4 , E and F; Video 1) showed absence of viable intracranial flow. She was pronounced brain dead and though the patient's family wished her to be considered for organ donation, she was not considered for organ donation because of the unknown neurologic illness that initially led to her admission. As per family's directive, life support and all active measures were withdrawn and she passed away comfortably. There is diffuse swelling of the brain, however apparent preserved grey-white matter differentiation is noted. (B, C) Coronal CT angiography (CTA) images show static filling in the left anterior and middle cerebral arteries (black arrow) and within the posterior inferior cerebellar artery (white arrow). Please note the differential higher contrast within the superficial temporal artery (B, white arrow). (D) Sagittal CTA image shows perfusion within the cerebellum without evidence of contrast filling within the basilar artery. No contrast filling of the distal middle cerebral artery branches noted. This CTA was called positive for ancillary testing by the reporting radiologist.
